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WC have becm attempting, to correlate l~ypc.r~>olariz.abilities with bond-length alternation
(131 -A), which is defined as the difference. in the average length  between adjacent carbon-carbon
bonds in a pcdymcthine  ((Cl 1)1,) chain. (1, 2) Polyenes have alternating double and single bonds
(bond length equal to 1.34 ~ ar]cl 1.45 ~, respectively), and thus show a high degree of bond-
lcngth  altcrna[ion  (111 .A= -0. 11A). in clonor-acceptcw  polycnes, this parameter is related to the
degree of ground-state polarjz.ation  in the molecule. “1’o better understand this correlation, it is
illustrat~ve to discuss the wave function of the. ground state in terms of a linear comkinaticm  of the
two lin “ting  charge-transfer resonance structures. For substituted polyenes with weak donors
and accxptcms,  the neutral resc)nancc form dominates the, ground-state wavefunction,  and the
molecule has a high degree of (corl~’cr~tic)r~all>’  neg,ative) bcmd-kngth alternation, With stronger
donors and acceptors, the contribution to the ground state., of the charge-separated resonance
form increases and simultaneously, 111 .A clecreases  in absolute value. When the two resonance
structures contribute equally, as in a synme.trical c~’anine,  the. molecule exhibits essel”ltial]y  no
bcmd-kngth alternation. l;inally, if the charge-separated form clominates the ground-state wave
function, the molecule acquires a positive bond-length alternation. Neutral molecules with
aromatic rings have a diminishe.cl  contributicm of t}]c charge-separated form to the ground-state
~,al,e f~lIlc[ioIl,  dLlc to the Crlerge[ic  price associated  wit]) t}]e 10ss of aromaticity in that fornl.(~)
As a result, push-pull molecules with aromtitic  ground states tend to b: more bond-length
alternated for a given donc)r and acceptor pair thsn for a polycnc  of comparable length.

Lloncl-lemgth  alternation is thus a measurable paramter  that is related to the mixing of the
two ch:irge.-transfer  resonance forms in the actual ground state of the molecule. Note that for
molecules with aromatic rings, the neutral form exhibits minimal bond-length alternation,
~~}lcrcas at the Charge- scpar:ited  fcnm c.orrcspc)ncls  significant bcmd-length  alternation. q“hus,  to


